In the present study, the physiological effects on 32 humans exposed to experimental stress provoked by inhalation of the essential oils of East Indian sandalwood (Santalum album L.), Western Australian sandalwood (Santalum spicatum R.Br.) and lavender (Lavandula angustifolia MILL.) were investigated. During individual testing sessions, several saliva samples were collected, blood pressure was regularly measured and parameters of the autonomic nervous system (heart rate, skin conductance response) were continuously monitored. Salivary cortisol, as an endocrine stress indicator, was determined by timeresolved fluoroimmunoassay. Statistical analyses evidenced that the tested sandalwood essential oils significantly reduced systolic blood pressure, especially during the recreation phase. This finding corresponds with a distinct reduction of salivary cortisol levels during recreation in the Western Australian sandalwood oil compared with the control. In conclusion, the results demonstrate that essential oils can alleviate the physiological reactions to psychological stress and facilitate recovery after exposition to stress.
The essential oil obtained by distillation from the heartwood of the East Indian sandalwood tree (Santalum album L., Santalaceae) is one of the most valued fragrant materials for perfumery and cosmetic industry as well as in aromatherapy and traditional Indian medicine [1] . Illegal exploitation and smuggling gravely endangers the continuance of S. album L. [2] , and has resulted in adopting various so-called "sandalwood" oils obtained from other Santalum species, for instance, Western Australian sandalwood (S. spicatum R.BR.) [3] . In keeping with its application as a relaxing agent in traditional medicine and in aromatherapy, exposure to Indian sandalwood oil was proven to reduce motility in mice [4] . Central effects were attributed to the pharmacological activity of α-and βsantalol, which resembles that of the neuroleptic chlorpromazine [4] . Recently, these findings were substantiated by demonstrating anxiolytic-like effects of Indian sandalwood oil in mice [5] . These effects may be explained in part by the activity of α-santalol as a dopamine D 2 receptor and serotonin 5-HT 2A receptor antagonist [6] . In humans, physiological and psychological effects of Indian sandalwood oil and its main constituent α-santalol were found to differ as a function of the way of application [8, 9] .
The psychophysiological effects of lavender essential oil (Lavandula angustifolia MILL., Lamiaceae) have been substantiated by a vast number of studies over several decades. Similar to Indian sandalwood oil, inhalation of lavender oil reduces the motility of mice [9] . Furthermore, inhalation of lavender oil has been shown to evoke a comfortable feeling [10] and reduce anxiety [11] in human subjects.
Up to now, studies of Australian sandalwood oil affecting humans have not been published. Furthermore, studies exploring the effects of essential oils or their constituents on salivary cortisol (SC) are rare and mostly lacking standardized stress-provoking procedures and adequate control groups. Hence, we aimed at evaluating the psychophysiological effects of inhaling essential oils of two Santalum species and of lavender oil with particular reference to hypothalamic-pituitary-adrenocortical activity. In addition, the hormonal stress response was correlated with stress-induced changes of several autonomic parameters, such as systolic (SBP) and diastolic blood pressure (DBP), heart rate (HR) and skin conductance response (SCR). For eliciting a distinct and standardized stress response of both the hypothalamic-pituitaryadrenocortical axis and the autonomic nervous system, the Trier Social Stress Test [12] was applied. Figure 1 illustrates the means ± standard errors of the response of SC, SBP, DBP, HR and SCR to psychological stress in humans inhaling either Indian or Australian sandalwood oil as well as lavender oil compared with control. As for SC levels, there was no significant interaction between time and treatment. However, there could be observed a significant effect of time on SC concentrations (P < 0.001); in all experimental groups, the activity of the hypothalamic-pituitary-adrenocortical axis was considerably stimulated, as demonstrated by significantly elevated SC levels compared with baseline SC levels (overall P < 0.001 compared with baseline). Contrary to the other groups, in which SC peaked after 40 min (20 min recreation), maximum levels in the Australian sandalwood group were found after 30 min (10 min recreation). During the recreation period, SC considerably decreased in the Australian sandalwood and lavender groups, whereas there was only a minor decline in the other groups. While the overall effect of essential oil application was found to be not significant (P = 0.053), there was a significant difference between the Australian sandalwood group and control after 50 minutes (P < 0.001).
While interaction between time and treatment was not significant, both time (P < 0.001) and treatment (P = 0.010) proved to have significant effects on SBP; the post-hoc test revealed that both Indian (P = 0.005) and Australian (P = 0.010) sandalwood oil had a significant effect on SBP compared with the control. While SBP significantly peaked (overall P < 0.001 compared with baseline) in the other experimental groups after 20 min (immediately after the stress task), the highest levels in Indian sandalwood group were assessed after 10 min during the anticipation period, followed by a continuous decline of SBP. In the essential oil groups, SBP already returned to the baseline level after 30 min (10 min of recreation) and subsequently further decreased beneath baseline values. Contrary to these findings, lavender oil attenuated the increase of SBP during the anticipation period. Statistical analyses evidenced that after 40 min (20 min recreation), both Indian (P = 0.009) and Australian (P = 0.005) sandalwood essential oil elicited a considerable physiological deactivation concerning SBP compared with the control.
In all groups, the effects of experimental stress on DBP were considerably weaker than those on SBP; the average maximum and minimum scores deviated < 3 mmHg from the baseline. Once more, no significant time × treatment effects were observed, whereas there was a significant effect of both time (P = 0.010) and treatment (P = 0.014) on DBP levels. Holm-Sidak comparisons showed that treatment with Australian sandalwood oil had a significant overall effect on DBP compared with control (P = 0.002). Like SBP, DBP maximum values were measured during the stress test. A distinct increase of diastolic DBP from baseline to stress task was only observed in the control and the lavender group, but the absolute differences to Indian and Australian sandalwood group were beyond significance. During the recreation period, DBP continuously decreased in the Australian sandalwood group in contrast to the other experimental groups; the difference in the other groups was insignificant. The DBP profile in the lavender group largely followed that of the control group.
The stress task elicited a significant response (~12 to 14 beats per min) of HR in all experimental groups, but no significant group differences were observed; thus, HR can be considered unaffected by inhalation of the tested essential oils. There was no significant interaction between time and treatment and no significant influence of treatment on HR; however, the overall effect of time on HR proved to be highly significant (P < 0.001), as well as the HR increase during the stress task compared with the baseline (P < 0.001). In the Australian sandalwood group and the control group, SCR peaked after 20 min during the stress task, whereas the highest levels in the Indian sandalwood group and the lavender group where measured after 10 min during the anticipation period. Like for all other parameters, the time × treatment interaction was not significant, whereas time (P < 0.001) and treatment (P = 0.004) both significantly influenced SCR. In all groups, SCR decreased continuously and rapidly after the end of the stress test. In all experimental groups except the Australian sandalwood group, SCR values returned to the baseline level after 5 min and subsequently dropped below baseline. Post-hoc comparisons revealed that the difference between Australian sandalwood oil and lavender oil was significant (P < 0.001).
The effects on SBP suggest that the tested sandalwood essential oils possess stress-relieving activity. The relaxing effects were significant during recreation period. The effects of Australian sandalwood oil on SC levels parallel its effects on SBP, taking into account the delayed response (~10 min) of the hypothalamicpituitary-adrenocortical axis to stressors [12] . Generally, the standard deviations in the essential oil groups were larger than in the control group; this may be explained by the influence of personality traits and emotions on olfactory perception [13] , even though in the present study the participants had not been informed about the presence or absence of odorants at the beginning of the experimental session. Despite alternative physiological parameters reflecting the perceived stress level, cortisol still has a predominant position as an indicator of stressful events. Especially anticipation of an upcoming event puts the organism into a higher level of activity in terms of a preparatory response, and there is a close connection between emotional processing of stimuli and increased release of cortisol under challenging conditions [12] . Besides emotional factors, simple cognitive stressors, e.g. mental arithmetic, can trigger cortisol secretion. In contrast, relaxing procedures such as transcendental meditation [14] , yoga and cognitive-behavioural stress management [15] have the opposite effect on adrenocortical activity. More recently, this effect could also be demonstrated for inhalation of various essential oils during stressful situations [16, 17] . As the basal cortisol levels gradually decline until midnight, the enhanced production and release of cortisol by an appropriate laboratory stressor or naturalistic strenuous event is a prerequisite of detecting any effect of stress-reducing interventions.
Presumably, a relaxed condition inhibits corticotropin releasing hormone liberation via GABAergic central nervous pathways [18] or increased vagal activity restricting cortisol release by direct adrenocortical innervations [19] .
The sedative properties of Indian sandalwood oil have already been proven in former studies in both animals [5, 9] and humans [7, 8] .
Effects of Indian sandalwood oil on the autonomic nervous system, as well as on mental and emotional condition, were shown to depend on the method of application. On the one hand, topical application of Indian sandalwood oil (without olfactory stimulation) had harmonizing effects on human subjects. At the physiological level it provoked deactivation -as proven by decreased SBP and eye blink rate -, at the emotional level, however, activating effects (as shown by subjectively higher attentiveness) were observed [8] .
Inhalation of Indian sandalwood oil, on the other hand, elicited physiological activation [7] , i.e., increased HR, skin conductance level and SBP, due to the perceived odour quality. In contrast to earlier studies, the present results suggest that Indian sandalwood oil induces relaxation rather than activation at the physiological level when inhaled during a stressful experience. Inhalation of all tested essential oils tested resulted in a more rapid recovery after stress, but only Australian sandalwood oil and lavender oil significantly influenced SC levels. Thus, it may be assumed that the effectiveness of sandalwood oil does not depend only on its content of (Z)-α-santalol. Moreover, Australian sandalwood oil proved to be an effective alternative to Indian sandalwood oil as a sedative agent in aromatherapeutical care. An antihypertonic effect of lavender oil was previously shown in humans undergoing handgrip exercise [20] , although the underlying mechanism presumably differs considering that blood pressure increase was merely physiological in the latter study. Interestingly, in the present study the effect of lavender oil on blood pressure was not significant (P = 0.049 for SBP with the level of significance at P = 0.013). It was demonstrated in rats that the decrease of blood pressure by inhalation of lavender oil is mediated by effects on the autonomic nervous system and on central H 3 -receptors [21] .
In conclusion, it could be shown for the first time that inhalation of both Indian and Australian sandalwood oil can facilitate recovery during and after exposure to cognitive and social stress.
Experimental
Plant material: East Indian sandalwood and lavender essential oils were purchased from Kurt Kitzing Co. (Wallerstein, Germany), and Western Australian sandalwood essential oil from Mt Romance Australia Pty. Ltd. (Albany, Western Australia). Voucher specimens for all essential oils are deposited at the Department of Pharmaceutical Chemistry, University of Vienna. The composition of the sandalwood essential oils was analysed by means of GC-MS in a previous study [22] . The main compounds were (Z)-α-(46.4%) and (Z)-β-santolol (17.7%) for East Indian and (Z)-α-(17.0%) and (Z)-β-santolol (10.3%) for Western Australian sandalwood oil.
Lavender essential oil was mainly comprised of linalool (37.7%) and linalyl acetate (41.6%). The samples were diluted in 96% ethanol to obtain a final concentration of 10 mg/g. Solutions were evenly vaporized in the experimental room by means of a spray bottle. For control experiments, pure 96% ethanol was used. Concentration of the oils in the ambient air was about 20 mg/m 3 , resulting in a barely perceptible odour. Participants were exposed to the odours during the whole experiment. Between experimental sessions, the experimental rooms were intensively ventilated. To avoid influences by subjective expectation [23] , participants were not informed about the presence or absence of odorants until the experiment was finished.
Subjects:
A collective of 4 test groups, each consisting of 4 female and 4 male subjects, took part in the investigation. Participation was voluntary and subjects were free to withdraw at any time. All participants completed their test sessions. All volunteers gave informed consent after being briefed on the experimental set-up (permission of Viennese ethic commission 419/98). The criteria for inclusion were: age between 18 and 35 years (average 25.68 ± 0.72), body mass index between 18 and 25 kg m -2 (average 22.03 ± 0.42), absence of chronic -particularly endocrine -diseases and allergies, no intake of nicotine and pharmaceutical, as well as illicit, drugs. Female participants confirmed to be in the luteal phase of their menstrual cycle when undergoing their experimental session and not to use hormonal contraceptives, providing a stress reaction similar to that of males [24] . For the day of testing, the subjects were asked to avoid physical exercise and intake of food, caffeine, alcohol and soft drinks as well as to get enough sleep. They also confirmed that they did not suffer from acute diseases at the time of the testing session.
Experimental design: Subjects were tested in individual sessions, each starting at 2.30 p.m. (± 15 min) and lasting about 90 min. They were randomly assigned either to the control, the lavender, the Indian or Australian sandalwood group. TSST was conducted according to Kirschbaum et al. [12] , except for minor modifications. Upon arrival, participants answered a questionnaire assessing personal data and were given a short resting period. Following a 10 min baseline measurement, subjects underwent a 10 min stress anticipation period during which they prepared for a 5 min free speech which was part of the TSST. During the following 10 min, subjects performed the TSST consisting of 5 min free speech and a subsequent 5 min mental arithmetic task in front of a panel of judges. During the experimental session, several physiological parameters were recorded and saliva samples were obtained. Figure 2 shows the experimental setup including the sampling and measurement scheme. A detailed description of the experimental procedure is given elsewhere [17] . saliva sampling and blood pressure measurement is depicted in Figure 2 . Cardiovascular (measuring HR) and electrodermal activity (measuring non-specific SCR) were continuously recorded using a mobile recorder, PhysioLogger™ (Rimkus Medizintechnik, Riemerling, Germany), from beginning (baseline assessment) to 15 min recreation after TSST. For HR determination, an ECG was recorded. For this purpose, 3 single-use self-adhesive Ag/AgCl electrode pads (Schiller 30 EKG, Schiller HandelsGmbH, Linz, Austria) were placed on the left side of the subject's chest between the third and fourth rib, on the right side between the fifth and sixth rib and on the middle of the sternum, respectively (sampling rate 100 s -1 ). SCR was recorded using non-polarised Ag/AgCl electrodes filled with conductive cream (Signa™ Cream, Parker Laboratories, Orange, New Jersey, USA). Electrodes were placed on the thenar and hypothenar of the non-dominant hand (sampling rate 10 s -1 ).
Statistical analyses: SC levels were computed using a fourparameter logistic regression model in SigmaPlot 2000™ (SPSS Inc., Chicago, Illinois). HR and non-specific SCR values were computed using PhysioLogger™ software (E. Bablok, Regensburg, Germany); data processing resulted in the mean values of 5 min periods. Prior to statistical analysis, the baseline data were subtracted from the experimental data. Statistical analysis was carried out using SigmaPlot 10.0 (SPSS Inc., Chicago, Illinois) and Prism 5.0 (Graph Pad Software Inc., La Jolla, California). Data were tested for normality and equal variance. Intergroup differences were examined for statistical significance using two-way repeated measures ANOVA with "time" and "treatment" as co-factors and Holm-Sidak post-hoc tests. The level of significance was set at p < 0.05 for all analyses.
